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Initial and subsequent angiographic outcome of
percutaneous transluminal angioplasty performed
on internal mammary artery grafts

Nobukazu Ishizaka, Yuko Ishizaka, Yuji Ikari, Takaaki Isshiki, Tsutomu Tamura,
Hisayoshi Suma, Tetsu Yamaguchi

Abstract
Objective-To estimate the initial out-
come and incidence of restenosis of
angioplasty of internal mammary artery
grafts in a retrospective study.
Methods-The study population consisted
of 46 patients (48 lesions) who underwent
first balloon angioplasty within the inter-
nal mammary artery graft. Most (37148)
were at the distal anastomosis. A few
(8/48) were in the graft body. Six patients
with the evidence of angiographic
restenosis underwent a second angio-
plasty.
Results-The success rate and the
restenosis rate of the first angioplasty was
73% and 30% respectively. Of the 34
patients (35 lesions) with a successful first
angioplasty, 30 underwent follow up

angiography with a restenosis rate of 30%
(9/30). A second angioplasty was per-

formed on six of the nine restenotic
lesions, with a success rate of 83% and no

restenoses. The percent diameter stenosis
of the recipient native coronary artery
was significantly greater in the restenosis
group, at 75 (SD 27)% v 89 (17)%, p <

0-05.
Conclusions-First angioplasty of 46
patients (48 lesions) within an internal
mammary artery graft was performed
with a success rate of73% and a restenosis
rate of 30% (follow up rate of 88%). The
extent of the stenosis of the recipient
native coronary artery may affect the
restenosis rate.
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angioplasty of internal mammary artery
grafts.5-'0 However, the number of cases of
angiographic follow up after successful perfor-
mance of angioplasty of the internal mammary
graft has been rather small.

In this retrospective analysis, we evaluated
46 patients (47 internal mammary arteries and
48 lesions) that required percutaneous translu-
minal angioplasty. We analysed the initial
success of angioplasty and the incidence of
restenosis at the time of follow up to deter-
mine the variables which predict initial success

or restenosis.

Methods
PATIENT POPULATION
Between September 1987 and December
1993, 3436 consecutive Japanese patients
underwent percutaneous transluminal coro-

nary angioplasty at our hospital. In this series,
46 patients (47 vessels, 48 lesions) had under-
gone a first percutaneous transluminal angio-
plasty within an internal mammary artery, and
comprised our study population. Excluded
from this study were patients with angioplas-
ties which were performed to the native coro-

nary artery beyond the intemal mammary

artery graft. Six patients (six vessels, six
lesions) with angiographically documented
restenosis underwent a second angioplasty
during the same period. The patients' clinical
characteristics are shown in table 1. All proce-
dures, that is, percutaneous transluminal coro-

nary angioplasty and follow up coronary

angiography, were performed after informed
consent had been obtained from each subject.
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Arterial grafts are increasingly replacing
venous grafts in coronary artery bypass graft
surgery because of their prolonged patency
and resistance to atherosclerosis. The left or

right internal mammary artery,' gastroepiploic
artery,2 and inferior epigastric artery are all
sources of such grafts. The success of coronary
artery bypass using such arterial grafts is no

less favourable than that using venous grafts.
However, we recently observed an increasing
need for angioplasty to treat stenotic arterial
grafts, concomitant with the more frequent
use of such arterial grafts.4 Previous investiga-
tors have reported the safety and the high suc-

cess rate of percutaneous transluminal

DEFINITIONS
Angiographic measurements were obtained by
at least two experienced angiographers, using
calibrated electronic digital calipers (Cathex).
The diameter of the stenotic lumen before and

Table 1 Clinical and angiographic characteristics of
patients who undervent first internal mammary artery
angioplasty
Number of patients 46 (38 M, 8 F)
Age (years) 61 (SD 9) range (42-79)
Number of grafts/lesions 47 grafts, 48 lesions
Interval from bypass operation 220 (SD 368) range 1-2136

(days)
IMA left: 44 (45 lesions), right: 3
The recipient native coronary

artery: LAD 45
LCx 2

Location of the lesion: Anastomosis 37
Body 8
Orifice 3

LAD, left anterior descending coronary artery; LCx, left
circumflex coronary artery.
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after angioplasty was the mean of two mea-
surements of near orthogonal views. Arterial
diameter was the mean of the most normal
appearing segments.

Angiographic success was considered to be
obtained when there was at least a 25%
improvement in luminal diameter, and a final
result with less than 50% stenosis.
A concomitant dilatation of the native vessel

was held to be present when a successful
dilatation of the recipient native coronary
artery as well as a successful graft dilatation
was obtained.

Tortuosity of the graft was graded as mild,
moderate, or severe. Mild tortuosity was
defined as an isolated curve or series of bends
in the graft proximal to the attempted lesion of
< 90 degrees. Moderate tortuosity was defined
as an isolated curve or series ofbends proximal
to the attempted lesion of 90-120 degrees, and
severe tortuosity was defined as an isolated
curve or series of bends proximal to the
attempted lesion of > 120 degrees.

Angiographic restenosis was defined as a
diameter stenosis of > 50% at a dilatation site
shown on a restudy coronary angiogram.

INDICATIONS FOR ANGIOPLASTY TO INTERNAL
MAMMARY ARTERY GRAFT
Patients with chest symptoms or with exercise
testing suggesting myocardial ischaemia
related to the luminal narrowing of the inter-
nal mammary artery graft were candidates for
angioplasty to the graft.

ANGIOPIASTY PROCEDURE
All patients were given aspirin (80-325 mg)
and a calcium antagonist orally at least three
days before the angioplasty. At the beginning
of the procedure, all patients were also pre-
medicated with sublingual glyceryl trinitrate
(0 3 mg) and were given heparin, 100
units/kg, and lignocaine, 50 mg intravenously.
If the procedure took longer than one hour,
additional intravenous heparin, half of the ini-
tial dose, was given to maintain the desired
prolongation of activated clotting time. A 7F
or 8F catheter sheath was placed in either the
right or the left femoral artery or the right
brachial artery using a standard percutaneous
technique. A standard guide catheter 8F JR4
(Schneider) or a 7F IMA (Schneider) was
used in the angioplasty.

Coronary angiography and coronary angio-
plasty were performed by the standard Judkins
approach. For angioplasty, we used two differ-
ent systems: a guide wire/balloon catheter sys-
tem and an over the wire/balloon catheter
system. The system was selected according to
the angiographic observations made before the
angioplasty. In this series, one procedure used
both systems. The balloon catheters were
Probe 1.7F (Bard) or Ace 1Q8F (SciMed)
wire/balloon catheters (balloon diameter: 2-0
or 2-5 mm) and Ten 2-8F (ACS) over the
wire/balloon catheters (balloon diameter: 2-0
or 2-5 mm). In some cases, wire/balloon
catheters were used with a teleguide 4F probing
catheter having a 2-9 F internal diameter
(Bard). When the lesion was insufficiently

dilated following balloon dilatation, a larger
balloon was used to obtain a greater dilatation.

FOLLOW UP ANGIOGRAPHY
A follow up angiography was performed at
least three months after the procedure unless it
was clinically indicated earlier. A repeat angio-
plasty was performed if there was an angio-
graphic restenosis and if the patient had chest
symptoms or positive exercise testing in rela-
tion to the luminal narrowing of the internal
mammary artery graft. Patients who had a suc-
cessful repeat angioplasty of the graft had a
repeat angiogram at least three months later,
unless clinically indicated earlier.

STATISTICAL ANALYSIS
Data are expressed as mean (SD). Differences
were analysed by the x2 test and Student's t
test. If the expected frequency was judged to
be too small for the x2, Fisher's exact probabil-
ity test was performed.

Results
CLINICAL AND ANGIOGRAPHIC CHARACTERISTICS
Clinical and angiographic characteristics of
patients who underwent internal mammary
artery graft angioplasty are given in table 1.
The mean interval between the coronary
bypass operation and the first angioplasty of
the internal mammary arterial graft was about
seven months. Two patients underwent angio-
plasty of the internal mammary artery less
than one week after the bypass operation. One
of those patients underwent angioplasty the
day after the bypass operation, while the other
underwent angioplasty two days after the
bypass operation. In each case, angioplasty
was performed to the anastomotic site, and
dilatation was successfully obtained without
complications such as cardiac tamponade.

OUTCOME OF FIRST ANGIOPLASTY
Of the 46 patients (48 lesions), a successful
first angioplasty was performed on 35 (35
lesions; 73%). Seven (20%) of the 35 patients
with a successful angioplasty obtained a con-
comitant dilatation of the native vessel.
Reasons for angioplasty failure were inability
to cross the wire (n = 12) or an insufficient
dilatation (n = 1). One patient underwent
embolisation of a large side branch of the graft
using gelatin particle and micro coils, as well
as a balloon angioplasty of the anastomosis.e"

COMPLICATIONS
No major complications were related to the
procedure in this series; there were no
instances of myocardial infarction, no need for
emergency repetition of bypass surgery, and
no deaths. One graft showed prolonged lumi-
nal narrowing after angioplasty, which did not
respond to the intraluminal isosorbide dini-
trate injection. Although this phenomenon
was persisting at the time of angiography per-
formed one day after angioplasty, luminal nar-
rowing had disappeared spontaneously at the
time of follow up angiography one week later,
suggesting either prolonged vasospasm or distal
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Table 2 Comparison of angiographic and procedural variables of lesions with or without
successfulfirst angioplasty

Success Failure
Variable (34 lesions) (14 lesions) P value

Left/right IMA graft 33/1 12/2 NS
Anastomosis/body/orifice 27/4/3 10/4/0 NS
Vessel diameter (mm) (SD) 1-9 (0-5) 2-0 (0-3) NS
Extent of luminal narrowing of the IMA graft

Total occlusion 1 (3%) 8 (62%) < 0-0001
Total or subtotal occlusion 3 (9%) 9 (69%) < 0 0001
Percent diameter stenosis* (SD) 70 (17) 83 (12) NS

Vessel tortuosity:
Mild/moderate/severe 21/13/0 8/2/4 0-003

IMA, internal mammary artery.
*Total or subtotal occlusions are excluded.

embolisation of internal mammary artery
graft.'2

PREDICTORS OF INITIAL SUCCESS OF FIRST
ANGIOPLASTY
The preprocedural variables between lesions
with or without successful first angioplasty are
compared in table 2. Presence of total occlu-
sion and high vessel tortuosity were significant
predictors of failure (P << 0 001, P < 0-01,
respectively). The percent diameter stenosis
was larger in the failure group than in the
success group even after excluding total or
subtotal occlusions; however, this was not
statistically significant (83% v 70% respec-
tively, P = 008).

MANAGEMENT AFTER UNSUCCESSFUL FIRST
ANGIOPLASTY
None of the 14 patients (14 lesions) with an
unsuccessful angioplasty received further
intervention related to the graft. However,
nine of the patients (that is, 9/14 lesions)
underwent a successful balloon angioplasty to
the recipient native coronary artery resulting in
an alleviation of myocardial ischaemia.

FOLLOW UP ANGIOGRAPHY AND OUTCOME OF
SECOND ANGIOPLASTY
Of the 34 patients (35 lesions) with a successful
first angioplasty, 30 patients (30 lesions, 86%)
underwent follow up angiography. A follow up
angiogram was obtained at a mean of 136 (SD
126) days (range 26-767 days). Angiographic
restenosis was observed in nine patients (nine
lesions; 30%). Six of these patients underwent
a second angioplasty, and in five this was suc-

Table 3 Comparison of the vessels with or without restenosis. Values are mean (SD) or n

Restenosis No restenosis
Variables (9 lesions) (26 lesions)

Preprocedural angiographic variables
First/second angioplasty 9/0 20/6
Left/right IMA graft 9/0 25/1
Orifice/body/anastomosis 2/2/5 2/3/21
Vessel diameter (mm) 2-0 (05) 2-0 (0 3)
Diameter stenosis (%) 70 (30) 73 (12)
Vessel tortuosity,

mild/moderate/severe 5/4/0 17/9/0
Procedural variables

Balloon diameter (mm) 2-3 (0 3) 2-3 (0 3)
Balloon/vessel diameter ratio 1 2 (0 3) 1-1 (0 2)
Maximum inflation pressure (atm) 9 0 (1-9) 9-1 (2-6)
No of inflations 5-9 (4-1) 5-0 (2-2)

Postprocedural variables
Diameter stenosis (%) 25 (13) 19 (13)
Diameter stenosis of recipient native coronary artery (%) 75 (27)* 89 (17)*

IMA, internal mammary artery.
*P < 0 04.

cessful. The remaining three patients had no
further intervention related to the internal
mammary artery graft. All of the five patients
(five lesions) with a successful second internal
mammary artery angioplasty underwent follow
up angiography, and none had a second
restenosis.

PREDICTORS OF RESTENOSIS
Lesions with or without restenosis after a suc-
cessful first or second angioplasty are com-
pared in table 3. Among the variables
examined, only the percent diameter stenosis
of the recipient native vessel was significantly
smaller in the non-restenosis group than in the
restenosis group (75% v 89%, P < 0 05).

Discussion
Recently, the internal mammary artery has
been increasingly employed as a conduit for
bypass because of its low incidence of athero-
sclerosis'3-'7 and high incidence of patency
over a long period.'7-22 Nevertheless, increas-
ing numbers of patients are likely to experi-
ence stenosis within this graft. Repeat bypass
surgery will be associated with some increase
in risk because of disruption of the internal
mammary graft, in addition to the risks
observed in other instances of repeat bypass
surgery.2324 Angioplasty to an internal mam-
mary artery graft may be a good alternative to
repeat bypass surgery in the case of graft
stenosis.

COMPARISON WITH PREVIOUS REPORTS
There are several previous reports describing
angioplasty of an internal mammary artery
graft.5-'0 The success rates were reported to be
between 81% and 94% in previous reports
describing more than 10 internal mammary
artery angioplasty procedures. When other
studies which described less than 10 angio-
plasties are included, the success rate was 92%
(184/201).5-10 25-36 The overall success rate of
first angioplasty was relatively lower in the pre-
sent study, which may be explained by our
inclusion of 12/48 (25%) totally or subtotally
occluded internal mammary artery grafts.
Most previous reports contained no or only a
few cases with totally occluded internal mam-
mary artery grafts. In our series, when we
excluded occluded grafts the success rate of
first angioplasty was 89%, which is similar to
the previous results. We earlier reported a suc-
cess rate of 62% in the native coronary artery
with chronic total occlusion.37 Compared with
this rate, the success rate of angioplasty for a
totally or subtotally occluded internal mam-
mary artery graft was significantly lower (graft v
native coronary artery: 25% v 62%, P < 0-01).
Thus a totally or subtotally occluded internal
graft appears to be less suitable for balloon
angioplasty than a totally or subtotally
occluded native coronary artery.

INTERVAL BETWEEN BYPASS OPERATION AND
ANGIOPLASTY
It is helpful to know the interval between
bypass operation and angioplasty during
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which one can safely perform angioplasty of
the anastomotic lesion. In this series, one day
was the shortest interval between bypass
surgery and angioplasty. That patient devel-
oped chest pain immediately postoperatively,
and a coronary angiogram showed stenosis at
the site of anastomosis of the graft, which was
successfully dilated on the first postoperative
day. Another patient had a successful angio-
plasty two days postoperatively for anastomo-
sis of internal mammary artery graft. Thus
angioplasty to the distal anastomotic site of an
internal mammary arterial graft may be feasi-
ble soon after bypass surgery.

PREDICTORS OF INITIAL SUCCESS OF FIRST
ANGIOPLASTY
Vessel tortuosity was confirmed to be a signifi-
cant predictor of angioplasty failure, as previ-
ously reported.78 Two possible reasons for the
development of such vessel tortuosity include:
(1) coiling of a long internal mammary artery
between the orifice and the anastomosis, and
(2) presence of severe tortuosity of the internal
mammary artery even before bypass surgery.
At our hospital, the internal mammary artery
is grafted with the surrounding pedicle; it is
thus difficult to identify the major cause of tor-
tuosity in each vessel. However, in the event
that angioplasty is required, one should try to
minimise the curve of the graft conduit during
bypass surgery. No serious complications were
related to angioplasty.

INFLUENCE OF LUMINAL NARROWING OF
RECIPIENT NATIVE CORONARY ARTERY ON
GRAFT RESTENOSIS
Among various angiographic factors exam-
ined, only the percent diameter stenosis of the
recipient native coronary artery was found to
be a significant predictor of restenosis. The
presence of antegrade blood flow in the recipi-
ent native coronary artery is known to have an
influence on the patency of the internal mam-
mary artery graft after bypass operation. Some
investigators have reported that an initially
narrow or thin internal mammary artery graft
increased its diameter when there was occlu-
sion of the native vessel.38 39 Thus it is possible
that antegrade flow in the recipient native
coronary artery affects the restenosis rate of a
successfully dilated internal mammary artery
graft.

CONCLUSION
In conclusion, angioplasty of the internal
mammary artery graft appears to be a safe and
beneficial procedure, with success rates of
73% in the first angioplasty and 83% in the
second angioplasty, and with angiographic
restenosis rates of 30% in first angioplasty and
none in second angioplasty. Presence of total
or subtotal occlusion and a high degree of ves-
sel tortuosity were predictors of angioplasty
failure (P < 0001). The percentage of diame-
ter stenosis of the recipient native coronary
artery was significantly greater in the resteno-
sis group, suggesting that it may affect the
restenosis rate of successfully dilated internal
mammary artery graft.
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